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In view of the subsequent discovery of isotopy both hypotheses were reconsidered in the light of this new knowledge. It has, for example, been suggested that the " unknown element ", decaying without detectable rays, might well be the isotope 8Be; and further, that this isotope might have already completely decayed (Atkinson and Houtermans 1929; Rayleigh 1929) .
Further, following the discovery of artificial transmutation, it seemed possible to attribute the origin of helium in the mineral to the influence of external rays to which it had been exposed during geological times; this latter idea has been supported in particular by O. Hahn, who thinks that the discovery by Szilard and Chalmers (1934; Chadwick and Goldhaber 1935) of the nuclear photo-effect in beryllium provides a completely satis factory explanation for the occurrence of helium in beryls, because, after the expulsion of a neutron from 9Be, the remaining 8Be might split up into two 4He (Hahn 1934 (Hahn , 1935 (Hahn , 1936 Born 1936) .
A number of experiments have already been carried out in order to decide whether disintegration of beryllium, spontaneous or induced, can be the cause of the helium production. Langer and R aitt (1933) thought they had discovered a permanent a-radiation of the element beryllium, but their findings could not be substantiated by Evans and Henderson (1933 ), Lord Rayleigh (1933 a), Gans, Harkins and Newson (1933 ), Libby (1933 ), Franz and Steudel (1934 ), and Burkser et al. (1937 . Chadwick and Goldhaber (1935), and Bernardini and Mando (1935) have shown that even under the bombardment of y-rays beryllium does not emit an observable a-radiation.
All these experiments suffer from the disadvantage that they cannot detect a-rays emitted with an energy under a value of about 100,000 V. Since it is known that, within the accuracy of present-day measurements, 8Be has twice the mass of 4He, a disintegration according to the reaction 8Be -> 2 4He
(1) would be practically rayless. Therefore the absence of detectable a-rays is in no way decisive. A direct test for helium, on the other hand, is entirely independent of the energy of reaction (1). For this reason it could be hoped, with the help of our sensitive micro-method, definitely to determine whether disintegration of beryllium can explain the helium content of beryls.
I
Let us first consider whether the y-rays from minerals and rocks in the neighbourhood of beryls can be held responsible for the occurrence of helium, as suggested by 0 . Hahn.
The experiments described in " Helium Researches, X IV " show that a y-irradiation of beryllium actually leads to the formation of helium and not of stable " beryllium eight" ; so qualitatively the hypothesis is upheld. But, at the same time, they demonstrate that the effect is not nearly sufficient to account for the quantity of helium found, because Lord Rayleigh (1933 showed that in Archaean beryls the helium content may amount to 77-6 cu. mm./g. Since it is not impossible that helium has escaped in course of time from the mineral, this figure is a minimum. As 1 g. of beryl contains at the utmost 5 % of the element beryllium, it means that 1-55 c.c. of helium/g. Be has been formed since the solidification of the mineral, which must certainly have occurred less than 2000 million years ago. The average annual pro duction of helium would, therefore, have to be at least 7-7 x 10_10c.c./g. of Be.
It has been found (see preceding paper) that 1 me. radon which decays in the centre of a sphere of beryllium of a few grams weight produces therein about 6-5 x 10~12 c.c. of helium/g. of beryllium. The decay of 1 me. radon is equivalent to the constant y-radiation of 1 mg. of radium during 5-52 days; in 1 year 1 mg. of radium would, therefore, produce 4-3 x 10-10c.c. For the formation of 7-7 x 10~10 c.c. annually, about 1-8 mg. of radium would require to be present. (If the same calculation is made for the beryl from Latah Co. which contains 2-27 cu.mm, of helium/g., and belongs to the Mesozoic (Rayleigh 1933 6)-age < 200 million years-we find that 0-53 mg. radium would have to be present.) Furthermore, since radium cannot maintain its activity for more than a few thousand years, we should need to assume the presence of its parent substance uranium in the proportion of 3 x 106g./g. radium; that would mean 5-4 kg. of uranium element or 6-4 kg. of U30 8/g. of beryllium. If, lastly, it is taken into account that radium, uniformly distri buted in an uranium mineral, is necessarily much farther distant from the beryllium in a beryl than the radon capillary from the beryllium metal in our experiments (average distance 4 mm.), it follows that, owing to the double effect of distance and absorption of the rays, the necessary intensity of y-radiation could only be produced if every gram of beryl were surrounded by many tons of a uranium-or thorium-mineral. These considerations render Hahn's suggestion quite unacceptable.
Further, the proof that no appreciable amount of helium can be formed in beryllium by the y-radiation of the surroundings, according to presentday knowledge, altogether excludes this radiation as the source of helium in beryls, for in no other elements than beryllium and deuterium with " natural" y-rays has a nuclear photo-effect been observed (Chadwick and Goldhaber 1935) .
It is true that Hahn also considers a possible influence of cosmic radiation, in addition to the y-radiation from the rocks. As this cosmic radiation is constantly present in laboratories, its influence on the helium production would have made itself felt in the experiments on the spontaneous formation of helium in beryllium, to be described later. Furthermore, it is obvious that to assume a marked effect of cosmic radiation on the helium formation in beryls would involve impossible suppositions about the cross-section of the beryllium atoms for the absorption of the radiation.
II
The first experiments intended to detect a spontaneous helium formation in beryllium were begun eleven years ago (Paneth and Peters 1928); after beryllium nitrate solutions had been standing for two years, it was found that air had not been sufficiently rigidly excluded, and these experiments were, for other reasons, never completed. Two years ago experiments were initiated, in which a number of large glass bulbs containing beryllium nitrate solution were set up, freed from air, and allowed to stand for some months, protectively immersed in water. Similar bulbs, some containing ammonium nitrate and others sodium nitrate, were used as blanks. As deducible from previous experiments, helium was found even in the blanksalthough this time air leakage was avoided-for glass, being permeable to atmospheric helium, always contains absorbed helium. As the ratio of the release of helium from the large glass bulbs was of the same order as the effect to be investigated, these experiments were abandoned. For such researches either metal vessels must be employed (Paneth, Gliickauf and Loleit 1936) for the solutions to be studied, or else the use of solutions must be completely avoided. The latter method of attack, with pieces of beryllium metal, was employed in the experiments described in the preceding paper.
As therein pointed out, the fact that this metal is helium-tight, obviates the necessity of enclosing it during the course of the supposed helium forma tion. Any pieces of the metal can, after sufficient lapse of time, be made use of, the older specimens being, of course, the more valuable for the purpose. Unfortunately the metal has only been manufactured on a large scale during the last few years, so that suitable samples of greater age are comparatively rare. Thanks, however, to the courtesy of several industrial companies and of colleagues, some fairly old samples were obtained. The results of the analyses are given below (Table I) .
As all the values are maxima, it is obvious that the lowest result is the most important, but in order not to rely on one experiment we shall consider only the average of the four; this shows that lg . of beryllium yields less than 1-3 x 10_11c.c. of helium per year. I t may be emphasized that the samples were of course subject to the influence of cosmic radiation through out their existence.
This figure is sufficiently low to permit of several inferences. It is at once evident that nowadays at least there is no helium production in beryllium Vol. CLXV. A. l6 which could account for the quantities found in beryls; for these an average annual production of 7-7 x 10~10, i.e. 60 times as much, is necessary (p. 240). Hence beryllium exhibits neither a-radiation, nor helium production. To-day it seems to be a stable element.* 8-1 12-2 N e 2 1-7 F ra n k e l a n d L a n d a u , 3 7-1 21-3 -1 0-5 B erlin C om p, de P ro d u its Chi-4 2-0 8-0 N e + H e 3 4 m iq u es, P a ris P ro fesso r E . W iberg, 5 5-7 28-5 N e + H e 3 1 K a rlsru h e 70 9 A v. 1-3
Just as the hypothesis has been advanced that the " unknown" radio element may have decayed in the meantime, one can argue that while the production of helium from 8Be was appreciable in former geological times it has now ceased (Rayleigh 1929). The following calculation would seem to dispel even this idea; it is based on the helium content of a com paratively young beryl, because then it can be shown that the maximum half-value period is so short that impossibly great quantities of the 8Be would have had to be present at the time of the origin of the earth.
If the helium in the beryl came from 8Be, at the time of formation of the mineral the amount of 8Be must have been at least equal to --w h e r e a is the weight of the helium still present in the mineral, A the disintegration constant of 8Be, and t the time elapsed since formation of the beryl. On the other hand, to-day 1 g. of beryllium yields per year less than a definite * F o r th e sake o f co m pleteness it m a y be a d d e d th a t b eryllium does n o t sp o n ta n e o u sly e m it a n y /?-rays e ith e r (F rie d la n d er 1935), a n d th a t in an ex p erim en t w ith a b o ro n fluoride c h a m b e r it w as a sc e rta in ed th a t 1 g. o f beryllium does n o t em it as m u c h as 1 n e u tro n e v ery 20 m in .-a re su lt to be ex p ected from theo retical con sid e ra tio n s; for th e re a c tio n 9~Be + hv ->-8Be + n a n energy o f 1-6 x 106 e-volts is necessary (C hadw ick a n d G oldhaber 1935). quantity of helium (6). From these two data can be calculated the maximum half-value period of 8Be according to the formula In the beryl from Latah Co.
(t < 2-108 years) Lord Rayleigh mm. of helium/g., i.e. 8*1 x 10_6g./g. 9Be ( = a). In our experiments it was observed that 1 g. of beryllium yields less than 1-3 x 10~n c.c. of helium/year, i.e. 2-3 x 10_15g./year ( -b) . From this follows a minimum A of 2-2 x 10-8, or a maximum half-value period T of 3-2 x 107 years. From a and A is obtained for the original amount of 8Be, 2 x 109 years ago, 6 x 1011 g. 8Be for each g. of 9Be, an absurdly high value for an unstable isotope of the com paratively rare element beryllium.* C o n c l u s i o n s It is deduced that the external radiation to which the mineral beryl is subject is not adequate to account for the quantities of helium occluded. Further, the spontaneous decay of beryllium, including the effect of cosmic radiation, produces so little helium, if indeed any, that at no time could this phenomenon have been sufficient to explain the facts.
It seems, therefore, probable that the helium does not come from the beryllium at all but from some other source. A further argument in favour of this is the fact th at the amount of helium found in different berylliumbearing minerals shows no proportionality to the percentage of beryllium present (Strutt 1908; Paneth and Peters 1928) ; a recent statement (Burkser, Kapustin and Kondogury 1937) to the contrary is based on only one selected sample of beryl. Further, Lord Rayleigh's tables show enormous variations, with only a very rough correlation to time; and although it is possible that unequal amounts of helium have been lost according to the differences in temperature to which the beryls have been exposed, it seems more likely that the variations of the helium content depend upon their original chemical composition. The role of the beryl is perhaps only that of hindering the escape of the helium; it may be that other minerals containing the same helium-producing element are not equally well able to retain the gas.
From the fact that a large helium content is limited to specimens of great geological age Lord Rayleigh has already concluded that it cannot have been * T hese co n sid eratio n s are q u ite in d e p e n d e n t o f th e a tte m p ts to ob serv e 8B e b y m eans of p o sitiv e ray s. I f 8Be is p re s e n t a t all, its q u a n tity is c e rta in ly less th a n 1 x 10-5 g./g. b ery lliu m (N ier 1937). generated by the decay of any relatively short-lived radioactive constituent, which may have been initially present. We may add that his figures seem to show that neither is the helium due to the decay of a radio-active element whose half-value period is long compared with the age of the minerals. In this case the differences between the helium content of old and young beryls could not be so marked; to explain them it must be assumed that at the time of formation of younger beryls much of this element had disintegrated. (The only other explanation why the younger beryls contained so little helium would be the assumption, for geological reasons, that less of this hypothetical element was included during their formation; but there does not seem to be any independent geological evidence in favour of a different origin of the younger and older beryls.)
By plotting the maximum, or the median, helium contents of beryls against the presumed time of formation of the minerals, a rather steep curve results; the nearest theoretical approximation to it is gained on the assump tion of a half-value period of the hypothetical helium-producing element of about 1-5 x 108 years. If this be of the right order, the helium production in beryls to-day can only be about 4-8 x 10_12c.c./g. beryl/year. This is hardly sufficient for a direct experimental test.
The best methods of attacking this problem of the helium content of beryls at present seem (1) To analyse chemically, as completely as possible, beryls of the same geological age and a different helium content; perhaps differences in the content of rarer elements will be suggestive.
(2) To test the various chemical elements present in beryls in order to find out whether they generate helium.
Attention should be directed in the first place to the fighter elements, since it is to be presumed that in spite of the relatively short half-value period no detectable rays are emitted.
The table of isotopes may seem, on mass-energy considerations, to exclude the possibility of a spontaneous disintegration, but in the case of other elements the position is exactly the same as with beryllium: there may be unknown isotopes in very small quantities which decayed, or are still decaying, with helium formation, but without emission of detectable rays. Obviously, the same experimental method of attack as has been used for beryllium is available for the problem, and as a preliminary step in this direction the elements lithium, sodium and potassium-which are all present in beryls-have been investigated. The results are given below.
In the case of potassium the above figures confirm previous experiments in which an upper limit of 0-4 x 10~n c.c. of helium/g./year was found (Panetli and Peters 1928) . None of the elements investigated produce at present sufficient helium to explain the helium content of the beryls. Con siderations similar to those described above can be applied to prove that even a formerly stronger helium production seems hardly compatible with the facts; but further discussion is postponed until more experimental material is available. To summarize, while we are unable at present to attribute the helium in beryls to any particular source it may fairly be claimed that it has been shown that, at any rate, the beryllium itself is not responsible.
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Summary
Various specimens of old beryllium metal have been analysed for helium. Since the very sensitive method used failed to detect any traces of helium it must be concluded that the spontaneous production of helium in beryllium is less than 1-3 x 10-11c.c. of helium/g. beryllium/year. From this figure it follows that the helium content of beryls cannot be explained as a consequence of the spontaneous disintegration of a beryllium isotope of mass 8. Even the assumption that such a beryllium isotope was present in previous geological periods and has now mostly decayed is not compatible with the very low limit found for present-day helium production.
In recent years the helium content of beryls has been attributed to the influence of y-rays from radioactive minerals in the neighbourhood of the beryls, and to cosmic radiation. From the figures, however, given in the preceding paper about the amount of helium produced in beryllium by y-rays it follows that the influence of the natural sources of y-radiation is not nearly sufficient to explain the helium content of beryls.
Since, therefore, beryllium does not produce adequate amounts of helium, either under the influence of external radiation or as a consequence of spontaneous disintegration, it seems that the helium content of beryls is not connected with its beryllium content at all, but is due to some other chemical element.
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